INTRODUCTION
Public transportation is globally undergoing a series of reforms aimed at the reduction of environmental pollution and noise caused by various means of transport. From an ecological standpoint, it is favorable to launch successively the vehicles with electric drive in the market, and presently, renewed interest in such vehicles can be observed due to the technological progress in the production of electric energy from renewable sources. In recent years, power engineering problems have become the most important aspect of transportation development policies and the selection of transport means. Therefore, zero-emission vehicles, such as trolleybuses, have acquired particular significance in this respect.
There have been actions undertaken to reduce exhaust emissions and energy consumption used to meet the transport needs of the Lublin region. In order to calculate the energy balance for the public transportation in Lublin, trolleybus energy consumption in real operating conditions was investigated [2, 3, 4] .
TEST OBJECT CHARACTERISTICS
The first trolleybuses were built in Germany at the end of the 19 th century. The name "trolleybus" is a combination of two words: "trolley" (a pulley or truck travelling on an overhead track) and "bus" (from the Latin word "omnibus" meaning "for all"). A trolleybus is a road vehicle that is driven by electric energy supplied from an external source. Its motion is, to a large extent, dependent on electric traction system. In Poland, trolleybuses are usually powered by a direct current of approximately 600 V. The main advantages of these vehicles include: zero emissions, silent-running, high performance and overload capacity, shock elimination as well as a long operating time.
The disadvantage of a trolleybus is the dependence of its routing on the electric traction supplying power to this vehicle. Trolleybuses can be powered by different types of electric motors and control systems, from direct-current motors (series and compound ones) to alternating-current motors. Nowadays, all newly produced trolleybuses are equipped with a kinetic energy recovery system for recovering kinetic energy under braking. In the areas with high-density housing and low driving speed, trolleybuses with battery-powered traction motors are used, while on long straight sections of routes these vehicles draw power from overhead traction wiring.
EXPERIMENTAL DETAILS AND RESULTS
Experimental tests were conducted to determine energy consumption of trolleybuses. The test object was a Solaris Trollino 12 AC (Figure 1 ). • current strength drawn from the traction by the motor and control system, • vehicle speed, • acceleration and time delay, • energy consumption for the designated route.
During the measurements, geographic coordinates were recorded.
The route (Figure 2 ) was determined by the AB-BA section with a length of 7.2 km. The tested vehicle was in good working order. At vehicle running, all roof vents and windows were closed. The devices necessary for safe vehicle operation were switched on, while others were off. The working temperature of particular units had a steady value owing to the preliminary test run. During the tests, changes in voltage, current strength, vehicle speed ( Figure 3) and acceleration as a function of time were measured [9] .
As the time history for traction voltage demonstrates, a sudden voltage drop occurred in the 520th section, caused by sudden vehicle braking. As a result, voltage supply lines were disconnected. Higher voltage variations occurred when the vehicle was at a longer distance from the substation supplying power to the contact system. The energy was recovered under brak- The following data were determined: total distance covered, total time, mean speed, drive time, time of steady motion, slow-down time, as well as energy balance elements between particular stops on the route. Table 2 shows an example of the comparison made for the data and calculation results.
CONCLUSIONS
Analyzing the available studies, it can be observed that one of the basic criteria for the evaluation of public transportation involves operating costs, which depend on energy consumption in real operating conditions [1, 5, 6, 7, 8] .
Based on the results obtained, it has been found that energy consumption level is the same for a particular route if the operating conditions are maintained the same.
The energy balance for the tested object demonstrates that energy consumption of the trolleybus on the traveled route section was 5 kWh. The energy recovered on the designated section of the route was approximately 20% of the total energy.
